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Abstract
Actuarial aspects of two important fields of insurance are considered: calculating per-
sonal injury damages for working age adults (liability insurance) and measuring the
mortality in insurance based populations (e.g. life insurance and pensions). The con-
tribution of the thesis is to demonstrate a wide array of modelling techniques and their
practical implementation in these two key areas of actuarial science.
The first part considers the modelling of the labour force dynamics from the perspec-
tive of the loss of earnings multipliers in England and Wales. It reviews the estimation
methods of involuntary non–participation in the labour market in relation to future loss
of earnings. In response, a robust multiple state modelling methodology is developed
that allows conditioning on personal characteristics of working age individuals such as
disability, educational attainment and the current employment state. Applied to UK
longitudinal Labour Force Survey data, it quantifies the disadvantages that plaintiffs
with post–injury earnings capacity face in the labour market. This practical modelling
framework leads to a set of improved loss of earnings multipliers in subsequent editions
of the Ogden Tables now used in the Courts in England and Wales.
The second part focuses on the modelling and estimation of mortality rates us-
ing Poisson likelihood maximisation methods. In terms of graduation, it undertakes a
comprehensive assessment of the frailty models and their implications. Then it puts
forward suitable parametric modelling structures in order to measure the scale of in-
dividual heterogeneity and applies generalised linear modelling graduation techniques
to a large array of insurance based mortality data. In terms of forecasting, it consid-
ers the generalised Lee–Carter type modelling structures of Renshaw and Haberman
(2006) and demonstrates their suitability for practical applications. Furthermore, it
develops a novel stratified Lee–Carter model for the measurement of the effects of ex-
planatory factors (other than age and time). An efficient programming package in R
is provided for this class of modelling framework. Finally, a detailed analysis of the
mortality trends observed in private pension scheme data serves as a case study.
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Chapter 1
Introduction
1.1 Overview
The objectives of this thesis relate to the analyses and implementation of various
statistical models within two important areas of insurance: liability insurance
and mortality. Regarding liability insurance, the aim is to demonstrate practical
ways in which the modelling and estimation of labour force dynamics can be
used to investigate actuarial aspects of personal injury damages. Regarding the
context of mortality, the goal is to consider the modelling and forecasting of the
mortality rates of insurance based populations (e.g. annuitants, assured lives and
pensioners).
Thus, the thesis falls into two Parts. Part I consists of two papers and con-
cerns the modelling of transition intensities of multiple state models in order to
calculate the loss of earnings multipliers, which in turn are used in estimating
the pecuniary components of damages resulting from personal injury. Similarly,
Part II is made up by two papers and involves the analysis and regression of im-
portant mortality models. The thesis has resulted in the following four research
papers:
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1. An investigative study on the current practice of estimating the loss of
earnings in personal injury claims in England and Wales: The Ogden Tables
and contingencies other than mortality
2. The impact of dynamic multi–state measurement of worklife expectancy on
the loss of earnings multipliers in England and Wales
3. The application of frailty–based mortality models using generalized linear
models
4. ilc: A collection of R functions for fitting a class of Lee–Carter mortality
models using iterative fitting algorithms
The first two papers were both co–authored with Professor Richard Verrall
and Professor Steven Haberman (my colleagues within the Faculty of Actuar-
ial Science and Insurance) and were originally published in 2005 and 2006 as
internal research papers in Cass Business School. However, they formed the
nominated output reports of the ESRC funded research (Grant RES-000-22-
0883) and were published again in 2006 on the ESRC “Society Today” web-site:
http://www.esrcsocietytoday.ac.uk (Verrall et al. 2005, Butt et al. 2006).
The third paper was co–authored with Steven Haberman and was published in
an ASTIN Bulletin in 2004 (Butt and Haberman 2004). Finally, the fourth paper
was also co–authored with Steven Haberman and it was published in 2009 as an
actuarial research paper in Cass Business School (Butt and Haberman 2009).
All the papers included in this thesis are self-contained publications; each has
a detailed introduction and a corresponding literature review. Consequently, the
reader is referred to these for a thorough background to the investigations stated
therein. For the purposes of this thesis, the following sections provide a brief
summary of the principal aspects of the four papers and the author’s individual
contributions to each.
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1.1.1 Personal injury compensation in the UK and the
Ogden Tables
In the papers presented in Chapters 2 and 3 (see Verrall et al. 2005 and Butt
et al. 2006, respectively), we investigate the actuarial assessment of life–time
labour market risks from the perspective of the loss of earnings multipliers in
England and Wales. Loss of earnings multipliers are used by the legal profession
to determine the financial value of future worktime, when allowing for mortality
and labour market risks. In the calculation of the damages for future loss of
earnings due to personal injury or wrongful death, account is taken of life time
employment risks. That is, in a fair and correct compensation system, the Courts
have to deduct from an individual’s total future earnings an amount that is based
on the length of time the claimant is likely to be out of employment, based on
statistical averages observed across the working age population. The actuarial
assessment of the labour market contingencies is carried out using current UK
Labour Force Survey (LFS) data.
The loss of earnings multiplier constitutes for the Courts a simplified actuar-
ial assessment of the worklife expectancy of the plaintiff discounted for the risk
of mortality and early receipt of income, among other things. The worklife ex-
pectancy is the length of time a person is expected to spend economically active
(i.e. employed) until the age of normal retirement (or early death). That is, it
excludes from the lifespan until normal retirement all the likely non-active pe-
riods of his/her life such as unemployment, looking after a family or sickness.
The loss of earnings multipliers are summarised in the so-called Ogden Tables
and currently are disaggregated according to various factors including age, em-
ployment status, educational attainment and age at retirement. The historical
development and the use of the Ogden Tables is discussed in detail in the above
two papers included in this thesis.
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In Verrall et al. (2005), we investigate the scientific literature of modelling
labour market contingencies and we review the rationale and the suitability of
the Ogden Tables in the light of improved methodology and data. Then in
Butt et al. (2006), we construct an improved probabilistic model of estimating
the worklife expectancies (i.e. loss of earnings multipliers) that capture the true
dynamic nature of the labour market. The methodology takes advantage of the
current LFS linked panel data sets, which allows the estimation and application
of a multiple state model with three or four main economic states.
A novel aspect of the research presented in Butt et al. (2006) is that it quan-
tifies earnings and employment risks over a life–time dimension through the ap-
plication of actuarial methods in a labour economics context. The methodology
usefully builds upon a previous study (Lewis et al. 2003) and addresses some
potential biases in their methodology, namely the use of recall data and the use
of annual (as opposed to quarterly) transitions. The methodological framework
proposed by Butt et al. provides a simple and robust estimation process, which
has not yet been explored in any of the labour market studies that we are aware
of, and it yields results that are directly applicable to the assessment of damages
in the UK Courts. There are a number of important aspects to note with respect
to the methodology developed in this work:
• It maintains the practicality of the current system of multiplier–multiplicand
used by the Courts in England and Wales;
• In the context of damages for personal injury it is particularly important to
differentiate by disability, so our approach differentiates between the pre–
and post–injury valuation of future loss of earnings;
• The empirical estimation is based on sound multiple state models method-
ology that captures the true dynamic nature of labour force movements
in-and-out of economic states over a human lifetime;
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• It allows the assessment of the effects of additional factors (such as region,
industry, educational attainment and also disability) on the loss of earnings
multipliers.
1.1.2 Mortality models for heterogeneous insurance based
populations
The mortality modelling and analysis presented in Chapter 4 (see Butt and
Haberman 2004) follows in the footsteps of Vaupel et al. (1979) and provides
a detailed discussion of the issues surrounding the heterogeneity in populations
and the frailty hypothesis. The topic is analysed from an actuarial standpoint,
by adopting actuarial techniques and modelling frameworks to look into the ex-
tent of heterogeneity that might be present in insurance based populations. The
parametric models developed and tested in this chapter hinge on the principles of
frailty models and build on the basic multiplicative model introduced by Vaupel
et al.. Thus, in Chapter 4 we investigate a particular family of survival models,
known as random effects or dynamic models, that allow for unobserved hetero-
geneity. These models capture the systematic bias at individual level that results
from measuring failure rates from overall population data.
Conventional mortality modelling ignores the effects of unobserved hetero-
geneity based on the assumption that the population is homogeneous, at least
within the observable sub-groups. However, as it is demonstrated in section 4.7.1,
in the case of theoretical models of failures occurring over long periods of time,
there are startling consequences when this effect is overlooked. It is shown that
due to the resulting population compositional dynamics (i.e. selection effects), in-
ferences from the observable average population mortality rate might not reflect
correctly on the individual risk of failure without some additional knowledge or
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assumptions about the population make-up.
The time aspect in this process is crucial, since it gives rise to a system-
atic downwards bias in the estimation of the individual mortality rates, due to
a characteristic of the overall population rates that is often referred to as the
mortality-rate plateau. Numerous recent studies in both non–human (see Carey
et al. 1992, Pletcher and Curtsinger 1998, Drapeau et al. 2000) and human (see
Kannisto et al. 1994, Horiuchi and Wilmoth 1998, Thatcher et al. 1998) survival
have demonstrated that the rate of increase of population mortality rate slows
down significantly at older ages. While alternative biological explanations do exist
for the phenomenon of falling failure rates at older ages (in particular morbidity
rates, whereas the organism, for instance, might acclimatise to the conditions
causing a disease), the assumption of unobserved heterogeneity and its effects
seems to be more plausible and easier to include in mathematical models. For
instance, Horiuchi and Wilmoth (1998) have tested extensively the deceleration
effect of the frailty hypothesis using cause-specific mortality data from Sweden
and Japan and found that: “Although we cannot dismiss alternative explana-
tions [physiological, evolutionary or reliability-theoretical], some of the findings
in this study seem to support the heterogeneity hypothesis more strongly than
the individual risk hypothesis.”
The estimation process considered in this study is based on the ML approach
applied in the usual mortality modelling methods. While, in effect, the over-
all (population) hazard rate is estimated in the traditional way (i.e. based on
the homogeneity assumption), it is still possible to make some inferences about
the mixing distribution, by taking into account the way the original parametric
models of the overall hazard rate are constructed (see section 4.2).
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1.1.3 Modelling and forecasting mortality within a Lee–
Carter type framework
For Chapter 5, we turn our attention to graduating and projecting mortality rates
in the framework of Lee–Carter (LC) type logistic models. The main goal of the
fourth paper considered therein (Butt and Haberman 2009) is to make use of the
good track record and popularity among researchers of this modelling approach.
The graduation methodology adopted in this investigation can be classified within
the same group of GLM models (with parameterised log-link and Poisson distri-
bution of errors) that is used elsewhere in the thesis (see section 4.3.3). In terms
of forecasting, however, the methodology is part of the extrapolative stochastic
methods. Specifically, it makes use of ARIMA processes to project forward in
time the observed past trend of the time-dependent parameters. The LC class of
mortality models and forecasting approach has attracted increasing attention in
the specialist literature and gained recognition for producing relatively reasonable
forecasts of life expectancy in most cases (see Booth et al. 2006).
While the standard LC logistic model works quite well, it is fairly restrictive
in terms of parameterisation and of choice of distribution of the residuals. To
avoid these shortcomings, a GLM modelling approach is put forward by Renshaw
and Haberman (2006), which allows the formulation of more elaborate parameter
constructs (e.g. the addition of cohort effects) and better distributional assump-
tions. Nevertheless, the new logistic model is still bilinear in form, which prevents
the direct maximisation of the quasi-log likelihood of the GLM model. Instead,
the parameters of the model are now estimated by a Newton-Raphson iterative
method that is applied to the GLM deviance function, conditional on the type of
error distribution. The benefit of this approach is that we are able to generate
parameter estimates based on (overdispersed) Poisson likelihood of the number
of deaths (Butt and Haberman 2002).
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A practical objective of the work is to implement the above modelling ap-
proach in a user friendly programming package in R software. That is, we aim
to make available purpose built commands in R that could be applied to any
mortality data in order to investigate the class of models described in Renshaw
and Haberman (2006). The package aids the user to carry out easily a full re-
gression analysis in three distinct stages: data preparation, computing parameter
estimates and assessment of results.
The first stage involves actions such as: loading and displaying raw data sets,
closing-out procedures to smooth out inconsistent data points and choosing data
ranges, etc.. Then, in the main, second, stage, the package can carry out the
actual graduation of six different types of log-link GLM models with Poisson or
Gaussian errors, that includes, as a special case, the standard LC model too. In
the final, third, stage, the user can make use of simple auxiliary methods to com-
plete the analysis, like goodness of fit tests, compute age–specific life expectancy
based on the graduated or the fitted rates and flexible plotting of results with
many control parameters.
The final part of this chapter is devoted to the application of the LC gradua-
tion package to actual mortality data from a large private pension scheme. Thus,
by making use of these modelling tools, we carry out a comparative analysis of
the mortality trends observed in the private pension scheme data against both
England and Wales national data and a pool of other pensioners data.
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THESIS
1.2 Individual Contributions to Papers included
in the Thesis
As previously mentioned in section 1.1, this thesis is based to a varying extent
on four co–authored academic papers, which have previously been published else-
where. All of the published material included in this thesis is a result of extensive
research in which I was involved from the start, making significant contributions.
In the following sections, I give an in-depth account of my personal contributions
to each of these studies.
1.2.1 Contributions to the work presented in Chapters 2
and 3 (Part I)
Early in 2004, Richard Verrall and Steven Haberman were contacted by the
Ogden Working Party seeking collaboration with researchers in order to carry
out the re-assessment of the Ogden Tables multipliers. At the time, the Working
Party was concerned that the Courts may be making wrong decisions on damages
because of the absence of up-to-date research into the impact of disability and
unemployment on the loss of earnings multipliers and were keen to commence
such work as a matter of some urgency. They highly valued the previous pivotal
research of Steven Haberman in the assessment of involuntary worktime loss,
which was reported in Haberman and Bloomfield (1990) and which formed the
basis of the earlier editions of the Ogden Tables. They all considered that a City
University team, with the full support of the actuarial profession, should make
an ESRC grant application to secure funding for this research.
Richard Verrall was the leading researcher and a co–author of the working
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papers introduced in section 1.1 and also of the follow–up paper published in the
Journal of the Royal Statistical Society (Butt et al. 2008). His main responsibility
was to oversee the progress of the project and to provide theoretical insights into
the applied methodology. Steven Haberman was involved in a joint supervisor
capacity with expertise on both theoretical and applied aspects of the project.
He was also a co–author of the above mentioned academic papers. In addition,
Professor Chris Daykin was involved in an advisory capacity from the Government
Actuary’s Department (GAD) on the applied aspects of the project, although he
did not contribute to the writing of any of the academic papers.
Being already employed at the time within City University as a Research
Assistant and having good data analysis and statistical knowledge, I was ap-
proached by Richard Verrall and Steven Haberman to work on this project. My
mathematical background did not include crucial actuarial concepts (e.g. life ex-
pectancy, actuarial tables, multiple state models, etc.) that were necessary for
this research. Therefore, I have studied the primary reference material pointed
out to me by them. Furthermore, I have carried out a broad literature review
on the subject. Thus, I have consulted electronic libraries and accessed various
publications in order to find relevant papers in the field of damages law, labour
economics and actuarial science that provided an adequate background to this
project (see Chapter 2).
Consequently, we decided that it would be a great advantage to combine
their extensive experience in actuarial modelling with my practical skills of data
analysis. We held regular meetings to plan future work, to discuss the key ideas
(such as the estimation methods of the transition intensities of a multiple state
model from longitudinal data sets) and to clarify some theoretical aspects.
My initial task was only to carry out background research into the topic and
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also a brief feasibility study about the available UK labour force data. Prelim-
inary data analysis comprised of assessing what could be achieved in terms of
methodology and applications. For example, I carried out a feasibility study of
multiple state modelling approach by making use of the latest LFS joined panel
data based on five quarterly longitudinal observations (see section 3.3).
Once I had gained sufficient knowledge of the issues involved, I became in-
volved with drafting the initial research plan and the ESRC grant application.
The application was overseen and amended by both Steven Haberman and Richard
Verrall, who were jointly the team leaders of this project. In the end, the ESRC
grant application was finalised in close collaboration by the three of us with some
additional support of Professor Chris Daykin, who was at the time a leading
member of the Ogden Working Party.
Subsequently, after the ESRC funding was obtained, I was engaged full-time
throughout the remaining part of this project. I was responsible for conducting
the empirical investigations and handling of the data sets. My work primarily
involved the collection and preparation of the data from the UK Data Archive,
carrying out statistical investigations of the regression models and writing up
progress reports. In the concluding stage of the project, I participated in au-
thoring and drafting reports and then condensing the main contributions into
academic articles (e.g. end-of-award reports to ESRC). I co–authored both work-
ing papers and various other peer reviewed publications (see Butt et al. 2008,
2009, 2010).
An important aspect of my work was to carry out all the data preparations
and investigations using statistical software (e.g. S-Plus and MS Excel). The
analysis involved the manipulation of voluminous micro–economic data sets and
the fitting of regression models. I was also responsible for the dissemination of
empirical results involving the full regression analysis, tabulation and graphical
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presentation of the regression results, preparation of data output and summary
for use in a new set of tables (for both ESRC and Ogden Tables). Most of
this work was carried out using statistical software with programs developed by
myself.
Data collection, tabulation and preparation for statistical analysis has in-
volved much independent work that I had to carry out, such as:
– sorting and loading of raw data sets;
– study of the data description material (e.g. list of variables, variable defin-
itions, etc.);
– extraction and cleaning of relevant variables (see section 3.7);
– investigation for bias and/or compatibility of different variables;
– study of the prevalence of a given set of variables in the quarterly data sets;
– analysis of statistical summaries and compilation of results, etc.
Nonetheless, other than most of the practical aspects related to data analysis,
I took an active role in the theoretical aspects of the project as well as in the
dissemination of the research findings. In terms of methodology, we agreed that,
ideally, we should use the multiple state modelling approach based on three tran-
sient economic states (mortality could not be modelled directly from LFS). Thus,
I needed to devise a way of transforming the observations on the ILO economic
states in the longitudinal LFS data into transition intensities of the multiple state
model dependent on additional covariates. Also, I worked out the mathematics of
calculating the age–specific worklife expectancies and reduction factors from the
model by using matrix algebra, which simplified and speeded up the calculations
(see section 3.4.1). Then, I applied the methodology by developing suitable pro-
gram codes that extracted and summarised the necessary data for the analysis.
This approach permitted us to apply established regression methods (e.g. Cox
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Proportional Hazards model) and I have analysed and presented the results for
Steven Haberman and Richard Verrall to comment upon in our meetings.
1.2.2 Contributions to the work presented in Chapter 4
(Part II)
Originally, Steven Haberman was interested in the modelling of the time dynamics
of mortality rates and to explore the effect of heterogeneity in insurance based
populations. In the autumn of 1998, he proposed a practical study using existent
CMI insurance data to develop the basic multiplicative modelling structure put
forward by authors like Vaupel et al. (1979) and Horiuchi and Wilmoth (1998).
Consequently, he has obtained necessary funding from the IFA and the CMI
Bureau and he recruited me as a Research Assistant to work with him on this
project part time over a term of 12 months (the other half of my time went
towards building a simulation model of Income Protection insurance), which I
started in early 1999.
My background in mathematical sciences helped me to face up to the theo-
retical challenges brought by this project. In the early stages of this project, I
spent a significant part of my time studying the extensive theoretical background
to mortality models, with particular focus on frailty models. Using the guidance
of Steven Haberman, I was able to explore and to understand the main con-
cepts involved. By applying adequate parameterisation of the population hazard
rates (see section 4.3), I managed to fit the frailty models to the insurance data
using standard non–linear regression methods. However, due to the parametric
structure of the models, a direct GLM based regression methodology was not
possible.
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Initially, the work comprised of a laborious graduation exercise of two fam-
ilies of frailty models (i.e. Gompertz–gamma and Gompertz–inverse Gaussian)
using a large set of insurance based mortality data (annuitants, assured lives
and pensioners) provided by CMI (see section 4.4). We have found that the re-
gression results were not entirely satisfactory and were sensitive to the choice
of the fitted age range and/or to the grouping of calendar years. Further, some
attempts have been made to find proof for the effect of heterogeneity in cohort
based populations, but the size of the sub–grouped data seemed to be insufficient
to find any conclusive evidence. Similar outcomes have been reached while trying
to implement the empirical method of Horiuchi and Coale (1990), as their data
was collected from national mortality investigations whereas we applied it to a
smaller scale data collected by CMI from insurance companies (see section 4.3.2).
Therefore, it became important to explore the possibility of using non–standard
GLM regression techniques with the added benefit of Poisson distributed er-
rors and non–constant variance assumptions. Following consultation with Pro-
fessor Arthur Renshaw, we decided to test two indirect GLM fitting methods:
1) using Taylor expansion of the predictor and 2) forming a parameterised link
function, which have previously been applied successfully in Renshaw (1991)
and Renshaw (1995), respectively. Then I managed to work out the parame-
terisation of our preferred population hazard rates model (Perks) using both of
these approaches (see section 3.4 in Butt and Haberman 2002). Once these were
verified and approved by Steven Haberman, I had to implement these in statisti-
cal software from scratch by using my own programs, as these were non–standard
regression approaches.
In the latter part of this project, I also implemented, using statistical software,
a series of graduation testing methods that were suggested by Steven Haberman
(visual/graphical and statistical/actuarial) based on Forfar et al. (1988), which
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allowed us to evaluate the robustness of the choice of models and regression
methods. In addition, we decided to use various sensitivity analysis techniques
(e.g. choosing different age ranges, identifying outliers, grouping of calendar years,
etc.). Furthermore, we also considered the modelling of future mortality trends
in the presence of frailty using forecasting methods adapted to this framework
(see section 4.7.3). However, this aspect could not be explored further due to
time constraints on the project.
After receiving further funding from the CMI, I continued to work on the
project for another year on a part–time basis. At the end of this period, I drafted
the first working paper, which was verified and corrected in places by Steven
Haberman and then submitted to the Faculty as an actuarial research paper in
2002 (Butt and Haberman 2002). Given the novelty of our approach and the
lack of similar investigations into heterogeneity within populations of insureds,
we believed that the study was relevant to the profession and it was worthy to
be published in ASTIN Bulletin.
However, the Editor found the working paper to be too long and technical for
the purposes of the journal and Steven Haberman has agreed to make it more
concise. Thus, during 2003, he reviewed the paper and drafted a shorter version,
which was commented upon and edited by myself. The revised paper was finally
accepted for publication at the end of 2003 and eventually appeared in ASTIN
Bulletin in 2004 (Butt and Haberman 2004). Later, I managed to further extend
our investigation into the implications of the frailty models, and this work is
presented in the thesis in section 4.7.1.
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1.2.3 Contributions to the work presented in Chapter 5
(Part II)
In about 2008, given the ample interest that the LC type regression models
described in Renshaw and Haberman (2006) had generated within the actuarial
profession (e.g. particularly the age-period-cohort variant), Steven Haberman be-
came interested in making their methodology readily available to a wider range
of potential users, including students and practitioners. Since I was also keen
to explore the recent advances in this field, I offered to develop a user friendly
package of commands in R software, called ilc, that implemented the models and
the graduation methodology applied in this paper (see section 5.4).
My initial plan was to use as templates for coding purposes some of the
programs originally written by Arthur Renshaw in GLIM software, which meant
that I had to learn a basic GLIM programming language. However, it quickly
became apparent that it was easier and more direct to use my own programming
methods and tools developed in R, due to the significant differences between R
and GLIM (e.g. GLIM is a purpose built software for GLM modelling, whereas
R is not).
In order for me to be able to implement the above models correctly in R, I
carried out background research into the LC modelling topic and I made sure that
I fully understood the Renshaw and Haberman (2006) approach. The graduation
methodology is based on an iterative Newton-Raphson method applied to the
deviance function of the fitted hazard model, which needed to be programmed
separately for each model. Nonetheless, I wanted to find ways in which our
package could be put to use most efficiently so that it integrated well with existent
LC graduation tools within R. So, I made use of some of the features of an R
package, called demography, which was built to graduate and forecast mortality
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rates within the standard LC framework (see section 5.4).
Once the ilc package was functional, we tested it against both Arthur’s outputs
in GLIM and the demography outputs in R. Then we made use of the package to
analyse many mortality data sets (e.g. CMI pensioners in section 5.4.2). Similarly,
we made use of the package to investigate a large pensioners data set provided
by Lucida Plc (see section 5.5). The analysis of the pensioners’ mortality was
carried out jointly with Steven Haberman and Richard Verrall.
The company was also interested in us analysing the impact of additional
factors (such as smoking or socio–economic indicators). However, this was not
directly possible in any of the LC type models. Based on the methodology sug-
gested in Renshaw and Haberman (2006), I have worked out the equations of
adding an extra base parameter to the model and implemented this in the ilc
package (see section 5.2.4). Also, I have developed tools to test this model by
generating artificially randomised data. The regression tests using this approach
were very encouraging (see section 5.4.3).
Originally, I drafted a short working paper, which was only intended to act
as a user guide to the ilc package. However, later on, encouraged by the feedback
from users, we felt that it was also helpful to provide a full description of the
modelling framework alongside the package instructions. So, in 2009, under the
guidance of Steven Haberman, I extended this further into an actuarial research
paper that included a detailed presentation of the theoretical background and of
the fitting methodology. The actuarial research paper was drafted by myself and
commented upon by Steven Haberman, who was the co-author to this paper (see
Butt and Haberman 2009).
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5.5. APPLICATION TO PENSIONERS DATA SET
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Figure 5.10 : Illustration of forecast result over a 20–year period in the SLC
modelling framework.
Thus, Figure 5.10 illustrates the resulting plots of predicted trend parameter
(panel a)) and the future life expectancy at age 60 over a 20 year period (panel b)).
5.5 Application to Pensioners Data Set
The objective of the analysis presented in this section is to model the mortality
improvements of pensioners belonging to a large private scheme in order to quan-
tify the future longevity risk in terms of life–expectancy at retirement age. That
is, we focus primarily on modelling the age–specific central mortality rates at
retirement ages (i.e. ages above 60) when making forecasts, though, as far as the
data allows it, we also consider lower (i.e. younger) age ranges to make informal
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comparisons. Further, the investigation makes use of the stratified LC model (see
section 5.2.4) to explore the influence on longevity of additional explanatory fac-
tors other than age and period (such as region, pension amount, socio–economic
group or type, etc.) available in the data set.
In the current analysis, we make use of an extensive set of demographic data
that consist of over 320, 000 records of pensioners and their beneficiaries (i.e. wid-
ows, widowers and children) over the period of 1999 – 2007. In addition to the
vital statistics and death records, the original data contained a large array of ad-
ditional information related to region and socio–economic characteristics of the
individuals in the sample.
Firstly, the raw data were checked for consistency of the individual entries,
removing primarily all duplicate cases, but also any odd cases (such as those
with missing dates, negative durations, child beneficiaries, etc.). Secondly, the
individual experiences were transformed into age–specific counts of deaths and
central exposures for each calendar year in order to calculate age–period central
mortality rates for both the overall (i.e. all beneficiaries and pensioners) and the
pensioners only data sets.
In the second part of the analysis, the age–specific mortality rates were exam-
ined for general features and the most suitable modelling approach was assessed
based on the observed trends over calendar time. It was found that the LC type
modelling framework presented the most structured and transparent approach to
describe the age–period relationship of the log-mortality rates and to make sto-
chastic forecasts of future mortality improvements. Nevertheless, following the
work of Brouhns et al. (2002) and Renshaw and Haberman (2003a,b), it was con-
sidered that a theoretically more sound Poisson error assumption for the observed
number of deaths provided a better alternative to the Gaussian error structure
of the traditional LC framework (see section 5.2).
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5.5.1 Pensioners data set
In this section, we describe the main features of the private pension scheme
data set. In terms of year of pension commencement, the data span the period
1954 – 2007 and covers individual ages (including those of child beneficiaries)
from as young as 2 years old up to 108 years old. The data set pools together
individual vital statistics and membership dates of 321, 111 pensioners and bene-
ficiaries.14 In addition, the data set provides detailed individual risk factors of the
participants (e.g. pension amount, socio–economic group and type) and region
(i.e. in the form of country of origin and post codes of main residence).
The overall sample is made up by four main subgroups with respect to the
membership status of the participants at the end of the survey period (i.e. end
of 2007) or at the date of death. Thus, the pooled data contain individual expe-
riences of one of the following:
a) deceased (NL);
b) current pensioners (PN);
c) deferred pensioners (PP); and
d) widows, widowers or beneficiaries (BW).
However, given that the mortality data of the participants (i.e. the NL category)15
were made available only with respect to the period starting from 01/01/1999 to
31/12/2007, the current mortality analysis refers only to this relatively short span
of 9 calendar years (i.e. 1999 – 2007).
14This represent the total number of distinct cases, which excludes all the inconsistent and/or
duplicate entries (between or within the subgroups). For instance, around 6.5% of the records
of the pensioners in deferment were also found in the current pensioners sample. Similarly,
approximately 8% of the (alive) beneficiary cases were also recurring among the deceased
entries. However, for obvious reasons, there were negligible number of duplicate records between
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Table 5.1 : Overall distribution of subgroups in the pooled pensioners
data set and age–specific prevalence rates within subgroups (%).
Males (53.7) Females (46.3)
Age group NL PN PP BW NL PN PP BW
(at last bd) (15.9) (53.0) (28.3) (2.7) (16.8) (31.0) (31.9) (20.2)
≤ 55 6.8 4.7 85.7 30.4 3.0 4.4 88.7 9.1
56-60 4.2 15.2 14.2 5.9 1.8 6.9 11.3 4.7
61-65 6.1 23.8 0.0 6.3 2.8 17.6 0.0 7.1
66-70 9.3 17.9 0.0 7.0 5.5 15.5 0.0 9.6
71-75 14.7 14.8 0.0 10.9 10.5 16.2 0.0 13.6
76-80 20.3 11.3 0.0 13.3 20.0 15.8 0.0 18.5
81-85 19.7 7.7 0.0 13.8 25.8 13.8 0.0 19.2
86-90 13.5 3.4 0.0 9.9 20.3 7.5 0.0 13.0
91-95 4.7 1.0 0.0 2.2 8.9 1.9 0.0 4.5
≥ 96 0.6 0.1 0.0 0.2 1.4 0.3 0.0 0.6
* NL – No Liability (Deceased) PN – Normal Pensioners
PP – Preserved Pensioners BW – Widow and Child Beneficiary
Table 5.1 summarises the composition of the full pensioners data set. It can
be seen that the overall data are split approximately equally between male and
female participants (54% and 46%, respectively), although the concentrations
of the above mentioned subgroups are markedly different between the two sexes.
That is, there are about twice as many male PNs (0.537× 0.53 = 0.28) as female
PNs (0.463× 0.31 = 0.14), whereas there are about nine times as many female
BWs as male BWs in the sample.
In addition, it can be observed that, in general, the female BWs tend to be
distributed towards the older ages in contrast to their male counterparts (for
example, 30% of the male BWs are below age 55 compared to only 9% in the
case of female BWs). However, the prevalence of the NL and PP cases are roughly
equal among the male and female participants. As a consequence, one needs to
the (alive) current/deferred pensioners and the deceased samples.
15Note that around 88% and 50% of this represents the mortality experience of male PNs
and female PNs, respectively. Further, the next largest group of deceased cases is the BWs
with around 7% and 46% prevalence of males and females, respectively.
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allow for this significantly different heterogeneity between the male and female
data sets when analysing the mortality characteristics within the entire sample.
The investigation has primarily focused on the PN mortality experience, al-
though some comparative analysis was also conducted with respect to the com-
bined (i.e. overall) pensioners data. From Table 5.1, we can see that the age
distribution of the PN population seems to verify the patterns observed in other
comparable data. Thus, as one might expect, there are more male early retirees
than females based on an age for age comparison (i.e. in the first two age groups,
below age 60), but even more so when allowing for the differential between the
normal retirement ages of the two sexes. Further, there is a significantly greater
concentration of female PN population at the old and very old ages than that
observed in the male PN population.
The individual vital statistics were used to extract the number of deaths (yxt)
and the corresponding central exposures (ext) by gender and single years of age
(last birthday) for ages 50 – 110 and for 40 – 110 based on the PN only and
the combined data, respectively, for each calendar year over the survey period of
1999 – 2007. Table 5.2 summarises the estimated central exposures based only
on the PN data by gender and 5 year age groups for 1999 – 2007.
The crude central mortality rates for the pensioners only and combined data
sets between 1999 and 2007 are illustrated graphically on a logarithmic scale in
Figures 5.11 and 5.12, respectively. These figures show that there is an overall
linear increase in the log-mortality rates above age 60 for both males and females
across all calendar years. However, there are significant variations in the log death
rates from age to age, which gain in amplitude at ages below 60 and above 95, in
particular in the case of females. Furthermore, it is interesting to observe that
there is a distinct breaking point in the age–specific log rates at around age 60,
which is most clearly observed in the case of males. This feature suggests different
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Table 5.2 : Age– and calendar year–specific exposures recorded in the pen-
sioners only data set (PN) over the period 1999 – 2007 (person–years).
Age group 1999 2000 2001 2002 2003 2004 2005 2006 2007
Males
50-55 25659 23803 21174 17732 13648 10907 8428 6286 4494
56-60 18559 19196 19911 21267 22673 22196 20720 18740 15946
61-65 16920 17393 17618 17512 17509 17898 18460 19226 20570
66-70 14399 14597 14787 14960 15305 15786 16227 16516 16434
71-75 12787 12801 12733 12672 12603 12684 12865 13133 13380
76-80 9277 9736 9633 9779 10004 10162 10203 10262 10312
81-85 4506 4558 5113 5549 5833 6229 6582 6608 6870
86-90 1739 1919 2091 2274 2393 2358 2354 2743 3031
91-95 202 269 370 436 503 598 664 749 836
96-110 9 10 13 17 26 43 56 73 70
Females
50-55 8028 6959 5747 4441 3292 2735 2301 1940 1589
56-60 7693 7733 7808 8023 8026 7260 6258 5158 3951
61-65 8064 7980 7819 7587 7455 7498 7508 7624 7835
66-70 8926 8667 8319 8124 7889 7713 7606 7443 7228
71-75 9128 8939 8721 8477 8299 8185 7939 7695 7539
76-80 7937 8507 8341 8197 8041 7860 7673 7544 7381
81-85 3413 3589 4383 5025 5542 6050 6466 6436 6391
86-90 1308 1549 1724 1910 2048 2115 2237 2826 3286
91-95 133 179 283 391 486 595 683 757 848
96-110 7 10 16 19 25 41 49 74 88
mortality profiles between early and normal pensioners.
Given that early retirement is usually associated with ill health, it is not
unexpected to see higher mortality patterns for the group of early retirees.16
Therefore, it is not surprising to find in the combined data (see Figure 5.12) that
the normal retirees have lower mortality rates than those members (including
beneficiaries) who start receiving pension at ages below 60. Although this shift
in the age–specific log rates is accompanied by large variation, it nevertheless
16According to CMIR 21 (2004), since the mid-1980’s, there are an increasing number of
healthy lives taking out early retirement.
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Figure 5.11 : Pensioners only (PN) log central mortality rates for age range
50 – 110 over the observation period of 1999 – 2007.
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Figure 5.12 : All members (PN and beneficiaries) log central mortality rates
for age range 40 – 110 over the observation period of 1999 – 2007.
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suggests higher mortality rates for those retiring below age 60. We note also that
the effect of early retirement is more striking in the case of males.
In order to avoid observation problems related to the inherent heterogeneity in
the samples, we exclude from the analysis the age ranges where the selection effect
is the strongest. Therefore, in the following parametric regression we restrict our
analysis to data at ages above 60, which is found to provide the most reliable
age–specific mortality features for both sexes. Similarly, in the evaluation of the
erratic mortality rates at very old ages we have concluded that the most consistent
results are obtained when we include the data only up to age 95.17
5.5.2 Other mortality data sets considered
As mentioned before, in this section we also report on the results of LC modelling
to other alternative mortality data sets making use of the same age range as the
one applied in the data presented in section 5.5.1. Thus, we model the CMI male
pensioners mortality experience for individual ages 50 – 108 covering the period
from 1983 to 2003. Similarly, we fit the LC type models to the overall population
mortality experience of E&W for both genders for the retirement age range of
60 – 89 and over the period of 1990 to 2006.18
Both of these alternative data sets have been selected so that the age range
is consistent with that used for the private scheme data in order to facilitate
comparison. Given that the CMI data comprise the experience of pensioners
17We have attempted to cater for the data inaccuracies at the very old ages also by grouping
the observations in wider age groups (e.g. 90 – 95, ≥ 95), but this approach seemed to produce
less reliable results than making use of single ages between 60 – 95.
18We note that the available full E&W data set go back to 1980, but due to the stable nature
of the data we decided to focus only on the most recent period.
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Table 5.3 : Age– and calendar year–specific exposures recorded in the
CMI pensioners data set over the period of 1999 – 2003 (person–years).
Age group 1999 2000 2001 2002 2003
50-55 7423 7986 650 608 628
56-60 11596 12922 1370 1284 1546
61-65 35823 39292 10729 8607 9538
66-70 73389 84735 56196 40884 52951
71-75 60594 60810 52532 38984 54278
76-80 56926 57436 50180 37067 47074
81-85 38992 37230 34082 27616 35268
86-90 23500 24564 23052 18326 20976
91-95 6694 7108 7052 6286 8102
96-110 1182 1368 1420 1368 1598
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Figure 5.13 : CMI pensioners log central mortality rates for age range 50 – 110
over the observation period of 1990 – 2003.
covered by policies issued by life offices in the UK, it is expected that the regres-
sion outcomes would be similar to those observed for the target data, albeit with
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Figure 5.14 : England andWales log central mortality rates for age range 60 – 89
over the observation period of 1990 – 2006.
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smaller errors due to the larger exposures as can be seen in the data extract pro-
vided in Table 5.3. In contrast, the mortality characteristics of the national data
set for E&W is likely to be markedly different from the private pension scheme
experience in terms both of level and of smoothness.
Figure 5.13 presents the CMI male pensioners log-mortality curves over the
period 1990 – 2003 and for all retirement ages between 50 – 110 (i.e. including
both early and normal retirement life spans). The age–specific variation of the
log force of mortality, in general, is less erratic and also the annual mortality
improvements progress more evenly than in the case of the target data set. How-
ever, the slope and the size of the log-mortality rates are remarkably similar to
those observed in the case of the corresponding male PN experience (see upper
panel of Figure 5.11). Furthermore, we note that there is a slight curvature in
the age–specific log-mortality rates, with a discernible plateau at the very high
ages (not observable in the target data).
Figure 5.14 presents the E&W log-mortality rates for ages 60 – 89 over the
period 1990 – 2006 differentiated by gender. The rates follow an almost linear
progression by age on the logarithmic scale across the entire age range considered
in this investigation. While there are some notable exceptions of uneven age–
specific rates in the more recent calendar years, these occur mainly towards the
older ages (i.e. above 80). Further, we can see that the mortality improvements
are slightly greater over the younger ages (i.e. below 75), particularly in the case
of male populations.
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In this section, we consider the relative merits of the variants of the LC family of
models (5.7) with respect to the private pension scheme, CMI and E&W mortal-
ity data sets. Moreover, we aim to investigate the robustness of the parameter
estimates in terms of the fitted age ranges, in the light of the large variability in
the mortality rates observed both at the early retirement ages (i.e. below age 60)
and at the very old ages (i.e. above 90). Thus, we assess the appropriateness of
the fitted parameters (for instance, one might expect a linearly increasing age
effect, αx, and a decreasing period effect, κt) and the forecasted life expectancies
at age 65.
We note here that the goodness of fit of the models can reasonably be assessed
by an analysis of the distribution of the standardised deviance residuals (see sec-
tion 5.2.2). Thus, we plot the deviance residuals against age, period and cohort
(i.e. year of birth t−x) in order to detect systematic patterns or a significant num-
ber of prominent outliers. The presence of any of these anomalies in the residual
profiles would indicate an unsuitable model structure or parameterisation.
Judging from the estimated parameter values, it is evident that all the mod-
elling structures containing cohort effects (i.e. ιt−x 6= 0) underperform the basic
LC model for the given data sets (see sections 5.5.1 and 5.5.2). That is, in the
case of models with cohort effects, the parameter estimates become highly erratic
and show unjustifiable patterns (e.g. a sharp slump at age 65 in the age effect αx)
or take extreme values. Furthermore, the main age–period–cohort model (5.7)
demonstrates very slow convergence in the deviance value and consequently the
parameter estimates often depend on the chosen convergence criterion. These
(undesirable) features are less significant in the case of the much larger and ex-
tensive E&W data set, which might indicate a stronger cohort effect present in
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the national population data than in the private scheme data (see Renshaw and
Haberman 2006),19 or reflect the relative sizes of these data sets.
In terms of model sensitivity to the fitted age ranges, we can report that
the outcomes are strongly affected by the inclusion of the data observed at ages
below 60 and above 95. Thus, with the inclusion of pensioners data at younger
ages, the period (κt) and interaction effects (βx) become inconsistent (for instance,
the regression might indicate negative improvements in mortality over calendar
time). Similarly, when we make use of the data at very old ages, the interaction
effects are greatly distorted, experiencing a very steep drop at ages above 95.
Therefore, we choose to restrict the fitted age range to 60 – 95, which provides
the most stable and reliable parameter estimates.
Thus, we illustrate the regression results for the basic LC model with a Poisson
error structure for the given pensioners by gender in Figures 5.15 and 5.16 for ages
between 60 and 95. Thus, looking at these fitted parameter plots, we can observe
that, in the case of females, the model shows distinctively smaller improvements
of the mortality rates by period compared to males. On the other hand, there is a
greater variation in the age (αx) and the interaction effects (βx) for females than
for males, which could be due to the greater heterogeneity noted in section 5.5.1
in the case of the female samples. Nevertheless, the corresponding residual plots
for the pensioners by gender, shown in Figures 5.21 and 5.22, demonstrate that
the overall performance of the model in terms of goodness of fit is not affected
by the greater variability present in the female mortality rates. Furthermore, we
can see in the residual plots that there are no distinguishable patterns by year of
birth, which explains the weak performance of the models (noted earlier) when
the additional cohort effect is included.
19While fitting the cohort effects (ιt−x) after fixing the age and period effects might improve
the performance of the models, we were satisfied that this would bring little benefits to the
overall outcomes and have not pursued such optimisation methods further.
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Figure 5.15 : LC regression parameters for private pension scheme males
for age range 60 – 95 over the observation period of 1999 – 2007.
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a) Private Pension Scheme: Female PN Pensioners
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Figure 5.16 : LC regression parameters for private pension scheme females
for age range 60 – 95 over the observation period of 1999 – 2007.
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Figure 5.17 : LC regression parameters for CMI male pensioners for age
range 60 – 95 over the observation period of 1990 – 2003.
Additional plots of the LC parameter estimates are illustrated for CMI pen-
sioners and E&W population in Figures 5.17 and 5.18, respectively. When com-
paring the regression results for the private scheme and the CMI male pensioners,
we note many similarities between the corresponding parameter values. In par-
ticular, the slope of the period effects (κt) are approximately the same, which
implies the same rate of mortality improvements over time in the two data sets.
Furthermore, the interaction effects (βx) exhibit similar patterns with respect to
age (e.g. the improvements seem to be the largest for ages 65 – 75 and gradually
decreasing towards the older ages). Interestingly, the same interaction pattern is
also clearly visible in the results for the E&W population data, although in much
smoother form. Nevertheless, we note that the slopes of the period effects in the
E&W regressions tend to be smaller than those resulting from the corresponding
insurance–specific data.
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Figure 5.18 : LC regression parameters for England and Wales for age range
60 – 89 over the observation period of 1990 – 2006.
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Table 5.4 : Fitted and projected life expectancy at age 65 by gender using the
LC model with Poisson errors and ARIMA(0,1,0) time series forecasts
of the κt parameter based on private pension scheme, CMI and E&W
mortality data sets.
Pensioners
Year All PN CMI E&W
M F M F M M F
1990 15.7 14.2 18.4
1991 15.6 14.3 18.4
1992 15.8 14.5 18.6
1993 15.9 14.4 18.4
1994 16.3 14.9 18.9
1995 16.5 14.8 18.8
1996 16.9 15.0 18.9
1997 17.8 15.3 19.0
1998 17.6 15.5 19.2
1999 16.6 20.2 16.4 19.7 17.8 15.6 19.3
2000 16.9 20.4 16.7 19.8 18.5 16.0 19.6
2001 16.9 20.4 16.8 19.7 18.1 16.3 19.8
2002 17.3 20.2 17.2 19.6 18.6 16.4 19.9
2003 17.1 20.3 17.0 19.8 18.7 16.6 19.9
2004 17.8 20.3 17.8 20.0 19.0 17.0 20.4
2005 18.0 20.8 18.0 20.9 19.2 17.3 20.5
2006 17.8 20.5 17.9 20.6 19.4 17.6 20.8
2007 18.5 20.7 18.6 20.6 19.7 17.8 21.0
2008 18.7 20.7 18.8 20.7 19.9 18.0 21.1
2009 18.9 20.8 19.1 20.8 20.2 18.2 21.3
2010 19.2 20.8 19.3 20.9 20.4 18.4 21.4
2011 19.4 20.8 19.6 21.0 20.7 18.6 21.6
2012 19.6 20.9 19.8 21.1 20.9 18.8 21.7
2013 19.8 20.9 20.1 21.2 21.2 19.0 21.9
2014 20.0 21.0 20.3 21.2 21.5 19.2 22.0
2015 20.2 21.0 20.5 21.3 21.7 19.4 22.2
2016 20.4 21.0 20.7 21.4 22.0 19.6 22.3
2017 20.6 21.1 20.9 21.5 22.3 19.9 22.5
2018 20.8 21.1 21.2 21.5 22.5 20.1 22.6
2019 20.9 21.1 21.4 21.6 22.8 20.3 22.7
2020 21.1 21.2 21.6 21.6 23.1 20.5 22.9
* In the table the numbers in italics represent the forecasted life expectancies.
As shown in section 5.2.5, it is possible to make use of the LC modelling frame-
work to forecasts future mortality by projecting the period effects (κt) further in
time using a basic time series approach. Thus, we apply an ARIMA(0,1,0) type
time series model to predict future improvements and then we make use of the
projected rates to calculate future life expectancy at age 65. Table 5.4 illustrates
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numerically the fitted and projected life expectancy at age 65 based on the LC
type regression models. Because of the short span of data available, we feel that
it is not reasonable to make forecasts for a time horizon longer than a few years
and the values presented are mainly for illustrative purposes up to year 2020.
Looking at the male life expectancy values contained in Table 5.4, we can
see that both the current and future life expectancy of the CMI pensioners are
higher than their private scheme counterparts. In turn, the male private scheme
pensioners seem to have slightly greater life expectancy predictions than for the
E&W population. On the other hand, judging from to the ARIMA forecast, the
female private scheme pensioners are likely to experience shorter life expectancy
in the future than the E&W population. Nevertheless, we should note that the
forecasting of the female mortality rates is less reliable due to the unstable nature
of the period effects coupled with the high level of irregularity in the interaction
effects (see Figure 5.16).
In order to illustrate the impact of additional covariates on the fitted mortal-
ity rates, we make use of the stratified LC type model presented in section 5.2.4.
We note that this modelling framework can be extended further to include more
than one additional effects. However, from extensive empirical trials (not re-
ported here), we have found that it would bring little improvements in terms of
goodness of fit while making the model interpretation more difficult. Thus, we
have fitted consecutively each of the additional factors contained in the private
pension scheme data, with the exception of geographical region20, namely:
• pension amount — factorized in 3 (or 4) levels that have been defined
subjectively, using breaking points based on the distribution of the original
variable;
20The extensive number of postcodes precluded the identification of efficient grouping factors
of this variable. Therefore, further research is needed into adequate methods to deal with the
subgrouping of the geographical variable, possibly based on spatial smoothing techniques.
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• socio–economic group — an indicator of 13 distinct levels;
• socio–economic type — an indicator of 63 distinct levels.
The regression results suggest that (individually) both the pension amount
and the socio–economic group variables have a significant impact on the over-
all mortality of the observed pensioners. In contrast, the effects of the socio–
economic type variable are not so distinguishable and also present practical prob-
lems in terms of over–segmentation of the mortality experience, giving rise to a
large number of empty data cells. As a consequence, the latter might need to
be further subgrouped in order to be useful for modelling purposes.21 However,
given the subjective nature of the subgrouping of the pension amount variable and
the fact that the socio–economic group factor already contains some information
related to personal wealth, we opted to focus on the latter.
Figure 5.19 illustrates the fitted parameter values by gender of the stratified
LC modelling in the presence of the socio–economic group effect. When compared
to the basic LC model outcomes (see Figures 5.15 and 5.16), we can see that the
period and interaction effects are almost identical in the two models, whereas the
main age effect is now stratified in order to represent the relative differences in
mortality between the subgroups. We note that the fitted additional effects are
rescaled such that the first level is always taken as the base value, effectively cor-
responding to the original age effect αx in the basic LC model (see section 5.3.3).
Thus, the additional effects represent the overall (absolute) deviations from the
base mortality level on the log scale.
Assuming that the additional effects remain constant in time (similarly to the
age and the interaction effects), forecasting of future longevity can proceed based
on the same time series methods used in the basic LC approach (see section 5.2.5).
21Nevertheless, this is not necessary for the current data given the relatively good performance
of the socio–economic group variable.
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Figure 5.19 : Stratified LC regression parameters for private scheme pensioners
for age range 60 – 95 over the observation period of 1999 – 2007.
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Figure 5.20 : Fitted and projected life expectancy at age 65 by gender using the
SLC model with Poisson errors based on private pension scheme mortality
experience for age range 60 – 95 over the observation period of 1999 – 2007.
Thus, forecasted κ˙tn+s mortality improvements are applied together with the
additional effects in order to calculate the corresponding life expectancies of the
subgroups at age 65 in year tn + s (s > 0). The results of this procedure are
illustrated in Figure 5.20.
5.5.4 Conclusions
The modelling of the age– and period–specific mortality observed in the private
pension scheme data was carried out within a LC type family of functions with
Poisson error structures. Thus, in the current analysis, we applied a unified
modelling framework and iterative fitting methodology proposed by Renshaw and
Haberman (2006). This is a GLM setting that makes use of theoretically sound
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Figure 5.21 : Deviance residuals of LC regression for private scheme male
pensioners for age range 60 – 95 over the observation period of 1999 – 2007.
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Figure 5.22 : Deviance residuals of LC regression for private scheme female
pensioners for age range 60 – 95 over the observation period of 1999 – 2007.
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ML estimation methods to fit the model parameters. The overall assessment
of the model is that it yields a reasonable fit, although the robustness of the
parameters was a key issue. That is, the limited span of the observation period
and the high variability of the mortality rates at lower ages resulted unstable
parameter estimates. Nevertheless, we have found that, in general, the parameter
estimates exhibit similar features between the mortality data sets investigated.
On the other hand, the evaluation of the model variants showed that the cohort
effects are consistently of minor significance within the insurance–specific data
sets.
In terms of forecasting, we have made use of standard univariate time series
methods to extrapolate the period parameter of the LC family and to predict
future mortality. Life expectancy at age 65 based on the predicted rates pro-
vides a basis of comparison between the future mortality of the private scheme
pensioners and the other data sets. Thus, the observed male pensioners seem to
have somewhat higher life expectancy than the general E&W male population,
but smaller than those based on the CMI pensioners data. However, given that
the analysis is limited to the available short term data, it is clear that longer
term predictions are not appropriate. This makes it difficult to make conclusive
predictions of future improvements, although it seems quite reasonable to assume
that the observed trends will continue at least in the nearest future.
An advantage of the ML estimation methodology is that it can be readily
adapted to allow for additional effects within the predictor structure. This fea-
ture was exploited to estimate the impact of the additional explanatory factors
contained in the private pension scheme data set. We have found that, among
the potential additional effects shaping the pensioners mortality experience, the
socio–economic group variable (a proxy for personal wealth) provides the most
satisfactory adjustment of the base LC model.
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Chapter 6
Concluding Remarks
In this thesis, we have demonstrated various modelling techniques and their
practical implementation in two key areas of actuarial science. In particular, we
have provided examples related to the estimation of future loss of earnings in the
context of liability insurance and to the modelling and forecasting of mortality
rates of populations of life insurance and pensions. All the empirical analyses
presented here were carried out using real UK based data.
Thus, Part I is concerned with the modelling of labour force dynamics from
the perspective of the loss of earnings multipliers in England and Wales, whereas
Part II is related to the theoretical and practical aspects of modelling and fore-
casting of mortality rates. Since each of the chapters that make up the thesis is
a self–contained paper, providing its own set of conclusions and discussions, we
have avoided revisiting those in this chapter. Instead, we will direct attention to
the impact of the work on both academic and other audiences. We also describe
the ways in which the work has facilitated further research carried out by the
author, and by others.
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6.1. IMPACT AND FURTHER DEVELOPMENTS OF THE RESEARCH
6.1 Impact and Further Developments of the
Research
6.1.1 Personal injury compensation in the UK and the
Ogden Tables
Following the publication of the papers presented in Chapters 2 and 3, there has
been a great deal of interest both in the methodology and in the outcome of the
research. The research has lead to improvements in the calculation method of
damages due to personal injury that were incorporated in the 6th edition Ogden
Tables (Actuarial Tables 2007). Thus, the impact of this research was very signif-
icant and consequent developments were generally more substantial than that of
the research presented in Chapters 4 and 5. Therefore, in recent years the author
of this thesis has tended to direct more of his attention to the research contained
in Part I, and in the following we will examine the main aspects of this work.
As mentioned in section 1.1, the papers presented in the first part of this
thesis were the nominated output reports of an ESRC grant and were published
on the ESRC Society Today website. The execution of the research and the re-
ports have received from the independent peer reviewers an overall classification
of outstanding. The work has generated a considerable interest from legal prac-
titioners and statisticians alike, and has given rise to the following co-authored
publications:
1. Butt, Haberman, Verrall and Wass (2008)
2. de Wilde R., Wass, Verrall, Haberman and Butt (2008)
3. Butt, Haberman, Verrall and Wass (2009)
4. Butt, Haberman, Verrall and Wass (2010)
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Butt et al. (2008) provided an inter–disciplinary approach between Actuarial
Science and Economics in order to estimate age–specific worklife expectancies
(and corresponding reduction factors) for the calculation of future loss of earnings.
In this paper, the three–state Markov chain model used in Chapter 3 was replaced
by a two–state alternative, whereas the ’unemployed’ and ’out of labour force’
states were merged into a single ’non–employed’ state. This simplification allowed
the results to become more transparent and better suited for practical use in
courts.
Further, in order to validate the results, the above actuarial methodology
was compared against an empirical econometric modelling approach using cross–
sectional LFS data. While the results were broadly similar for the two models,
there were significant differences due to measurement bias and reduced precision
in the case of the econometric approach. Therefore, the actuarial method was
adopted as the more reliable alternative and the final results were presented
corresponding to the multiple state modelling approach. In addition, the paper
has also reviewed briefly the US forensic economics literature, which was found
to be more prolific in terms of dynamic modelling and measurement of future loss
of earnings than the UK literature.
Similarly as in the original analysis, baseline WLEs were estimated as a func-
tion of age and sex and the analysis was extended to allow for stratification on a
number of additional variables that are the most relevant in the context of per-
sonal injury compensations. Thus, the final results were presented in the form
of a set of age–specific WLEs (and corresponding RFs) disaggregated by sex,
initial employment status, disability and level of education. The calculated val-
ues were also used in a case study illustration of evaluating the personal injury
compensation for future loss of earnings for a plaintiff with post–injury earnings
capacity. This practical illustration was presented in comparison to the outcomes
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resulting when using the 5th edition Ogden Tables multipliers and the previous
methodology. Strikingly, it was found that the damages award could be almost
43% higher when using the revised method of calculation. The main reason for
this discrepancy was due to the fact that the previous methodology did not pro-
vide adequate compensations for the disadvantages faced in the labour market
by disabled workers with residual earnings potential.
The paper was presented in an Ordinary Meeting of the Royal Statistical
Society (RSS) and appeared in the Journal of RSS Series A together with the dis-
cussions and the authors’ replies. All the commentators found the methodology
and the results described in the paper very significant and potentially important
in the context of damages for personal injury. The paper has clearly demonstrated
that educational attainment and disability are the most significant explanatory
variables for valuing future loss of earnings and the revised calculation approach
has lead to a fairer system of personal injury compensations. Consequently, the
WLE estimates published in this paper were used in a simplified and restructured
format by GAD in the followup editions of the Ogden Tables (i.e. 6th and 7th:
Actuarial Tables 2007, 2011).
In de Wilde R. et al. (2008), the merits of the approach in Butt et al. (2008)
and the resulting 6th edition Ogden Tables were clarified in response to a critical
paper that appeared in the Association of Personal Injury Lawyers Personal
Injury Focus (APIL PI Focus) after the publication of the above JRSS paper (see
Barling 2008). The author of that critique has raised a number of issues about the
use of the latest set of RFs and the updated methodology, in particular related
to the retirement age, the use of the highest educational attainment for younger
age groups and the classification of disability that resulted from the LFS data.
The first two of these issues were mainly technical and had reduced implications
as they could easily be taken into account in practice by the Courts. While the
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issues regarding the disability variable had some valid foundations, they could
be resolved by a more precise description of what constituted as disability in the
new set of tables. Furthermore, de Wilde R. et al. provided supporting evidence
that the use of the LFS disability variable was the best available measure and
matched closely the results given by a benchmark disability study (see Burchardt
2000). The authors have argued that while the new methodology and data have
some unavoidable deficiencies, they still represent a significant improvement in
estimating life–time labour market risks compared to the previous approach.
The aim of Butt et al. (2009) and Butt et al. (2010) was to disseminate the
results to a wider specialist audience from both the US and the UK. Both of
these papers have been written by invitation from the respective publishers. In
particular, the US forensic economics audience appeared to show interest in the
discounted WLE type calculations for the purposes of estimating future loss of
earnings. Typically, the US–type approach would not express the life–time loss of
employment as a discounted value and could potentially overestimate the future
loss of earnings. Thus, in the US framework the age–specific WLE is calculated
using a probabilistic Markov chain model, based on Alter and Becker (1985),
that focuses on estimating the age–specific transition probabilities between the
employment states. The above papers presented a simplified version of the UK
methodology based on transition intensities and emphasised the importance of
using additional explanatory factors in the estimation of future loss of earnings
multipliers.
Therefore, it can be seen that this series of research has generated a consid-
erable interest in the specialist literature, within both the UK and the US. The
methodological framework and the results provided a simple and robust compen-
sation system that had a wide ranging implications in many aspects of the UK
tort system and beyond. These include:
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• The 6th edition of the Ogden Tables were constructed based on our sug-
gestions of estimating future loss of earnings multipliers (Actuarial Tables
2007). The new set of tables and the improved methodology are in use since
2008 in most court cases in E&W involving personal injury litigation.
• The use of the tables by the legal profession demonstrate that the new
methodology and data have succeeded in providing greater accuracy in the
estimation of pre– and post–injury employment risks.
• The public has benefited from an improved assessment of court awards by
a more reliable and fairer system of capturing the true dynamic nature of
the labour market (based on pre– and post–injury earnings potential).
• The liability insurance industry has benefited by a fairer and more accurate
set of Ogden Tables multipliers.
• Researcher communities have found new grounds to initiate further studies
to assess the bias in labour market data and to evaluate better measurement
systems.
• The research has demonstrated suitable econometric methodology for the
measurement of life–time employment risk factors (other than age and start-
ing employment state).
• While some authors are reporting that the gap between the life expectancy
of general population and those seriously disabled (by injuries) is reducing,
this research is providing tangible evidence that the length of time spent
in employment is often not the same. This poses potential implications for
policymakers in terms of making adequate social and health provisions in
order to improve employment prospects of the disabled populations with
earnings potential.
• Therefore, the research has made an important contribution in three main
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areas: the calculation of future losses in personal injury litigation, actuarial
science and labour economics.
In addition to the above mentioned impacts, the study provides a scope to
answer some interesting questions that emerge and to carry out further research
in many related areas. These might include:
• Evaluate the impact of potential bias in the measurement of disability in
the current UK LFS data based on existing studies.
• An interdisciplinary review of other factors that could affect current em-
ployment risks predictions (like medical improvements, standard of care or
changes in economic conditions) could be carried out. Similarly, with some
development of the results in relation to the disability variable, sociologists
would be interested in the impact of disability on life–time employment.
• Duration dependence of the transition intensities and their relation to other
covariates (like prospective wage, sickness/unemployment benefit, mari-
tal status, number of dependent children, micro–economic indicators, etc.)
should be considered in order to smooth out crude estimates. The esti-
mated transition probabilities could be compared to the results from stud-
ies of unemployment spells in Britain (e.g. Arulampalam and Stewart 1995
or Narendranathan and Stewart 1993b,a).
• Since the non–employment categories are currently defined in an unconven-
tional way, it is difficult to carry out direct comparative work with that of
labour economists. Therefore, it would be informative to apply the model to
provide estimates based upon conventional ILO definitions of employment,
unemployment and inactivity.
• Develop the analysis in relation to the disability covariate to include within
the multiple state model the risk of becoming disabled. This would provide
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superior estimates of pre–injury employment risks as it would also include
the risk of becoming disabled and the associated increased risk to future
employment.
• There is considerable interest in estimating the distribution of the working
age population across areas of economic activities both from a social and
from an economic standpoint. For example, evaluating the consequences
of the gender and race differentials in labour market participation are key
issues for sociologists. Whereas forecasting labour market dynamics is the
primary tool in economic planning and policy making.
• In general, the insurance industry have a vested interest in examining the
relationship between the impairment and the employment risks, and con-
sequently in the development of corresponding life–time risk measures.
6.1.2 Mortality models for heterogeneous insurance based
populations
A detailed account of the work presented in Chapter 4 has also appeared as
an actuarial research paper within City University London in 2002, which was
followed by a shorter version published in an ASTIN Bulletin in 2004 (see Butt
and Haberman 2002 and Butt and Haberman 2004). The work has attracted some
attention in the specialist literature and it was referred to in papers appearing in
various journals worldwide (see Debon et al. 2005, Delwarde et al. 2006, Olivieri
2006, Hosseini 2008, Ramsay and Arcila 2013 and Willemse and Kaas 2007).
Since the formulation of the multiplicative frailty model, there has been a
proliferation of applications in various fields other than mortality. This concept
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can be readily extended to areas like contracting diseases or component deteri-
oration of complex systems, but also to topics where frail is applied in a much
wider context, like fertility, migration or leaving unemployment (see for example
Vaupel and Yashin 1985b). In addition, it is worth noting that frailty models
have been applied extensively in actuarial studies related to mortality and life
insurance, yet these were somehow avoided in general insurance mathematics and
insurance economics.
6.1.3 Modelling and forecasting mortality within a Lee–
Carter type framework
The work contained within Chapter 5 has also been published as an actuarial
research paper within City University London in 2009 (see Butt and Haberman
2009). The R programming package ilc that was developed during this work
has been used in many mortality studies carried out by the author and also by
others. Among other investigations, the package was applied by the author in the
mortality analysis of England and Wales and also of various groups of pensioners,
which is presented partly in Chapter 5. In addition, the author of this thesis has
also supervised many final year projects of undergraduate actuarial students,
whom were interested to learn more about the Lee–Carter type modelling. Thus,
the students made use of the functionalities of this package in order to carry
out more easily the graduations of the Lee–Carter type models. In this way,
they were able to focus more on the modelling structure and to achieve a better
understanding of the results. It appears that the package has generated some
interest among some external academics and actuarial practitioners too, but due
to time constraints it was not possible to fully follow up this information.
Appropriate mortality modelling and forecasting is an all important tool for
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governments and for insurance companies alike in order to administer and to
plan the financial development of pension schemes, and also to make adequate
health and social policy provisions. Recently, it has been demonstrated that
the Lee–Carter type stochastic forecasting method has successfully aided the
forecasting of mortality rates of national and insurance populations all over the
world (for instance, see Renshaw and Haberman 2003a,b, Lundstro¨m and Qvist
2004, Haberman and Renshaw 2007, Denuit et al. 2011).
6.2 Overall Summary
This thesis covers topics concerning two important actuarial areas that are or-
ganised in two respective parts. In the first part of the thesis, we illustrate the
estimation and forecasting of the transition intensities of multiple state models in
the context of calculating personal injury damages for working age adults (liabil-
ity insurance). Then in the second part of the thesis, we consider the modelling
and measuring the mortality rates of insurance based populations (annuitants,
life insurance and pensions).
In the case of liability insurance, the main contribution of the thesis is to
provide a systematic empirical analysis of the factors that affect future labour
market risks by making use of longitudinal UK LFS data. The benefit of the
demonstrated dynamic modelling method is twofold. On one hand, it builds on
a sound scientific approach with consideration given to particular circumstances
(e.g. starting economic state, disability status, socio-economic characteristics,
etc.), rather than to average population values. On the other hand, it allows the
investigation of the true labour force dynamics by making use of longitudinal ob-
servation data, which potentially increases the accuracy of the estimation. Also,
it provides a single measure of life–time labour market risks of non–participation
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in the labour market that is well suited for the use of calculating damages for
future loss of earnings.
In the case of mortality analysis, this dissertation can be viewed as an ex-
ploration of both theoretical and practical aspects of mortality modelling. On
one hand, it attempts to answer theoretical questions related to the appropriate-
ness of commonly applied homogeneity assumption when modelling the mortality
rates of insurance based populations. In this respect, the results indicate that,
subject to issues of identifiability, there is evidence of low heterogeneity in the in-
surance based populations, suggesting that a pre-selection effect might play some
role. On the other hand, it demonstrates practical ways in which generalised
linear modelling techniques can be used to graduate various types of mortality
models based on (overdispersed) Poisson likelihood assumption. In addition, we
have developed the necessary programming tools for the analysis of logistic mor-
tality models that can factor in cohort and also non–age related effects. The
methodologies developed allow both the graduation and forecasting of mortality
rates.
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